
 



 

Dynamics of a hydrated beta-lactoglobulin protein  

 

Koji Yoshida (LLB, CEA Saclay, France) 
 

 

 
It is well-known that water plays an important role in the protein folding and function of 

proteins. In fact, higher-order structure of proteins is changed by some denaturants, resulting 

in loss of their functions. Recently, some features of dried and hydrated protein dynamics 

were revealed by elastic, quasielastic, and inelastic incoherent neutron-scattering 

measurements [1]. These results indicate that the atomic oscillation of protein changes from a 

harmonic behavior to an anharmonic one due to the hydration. The motion of the hydrated 

protein is reflected in larger mean-square-displacements and lower resilience. This implies 

that water molecules facilitate the protein motion. In order to develop protein dynamics 

studies, because the time-scale of protein dynamics ranges from pico-second to nano-second, 

the observation in a wide time range is highly needed. For this purpose, the neutron spin echo 

and time of flight measurements provide useful information of atomic motions. 

In this study, we measured incoherent spin echo signals and incoherent scattering signals of a 

hydrated beta-lactoglobulin at 275 and 293 K with the zero-field spin echo spectrometer and 

time of flight spectrometer located at reactor Orphee of LLB to investigate the intermediate 

incoherent scattering functions I(Q, t) and dynamic structure factor S(Q, w), respectively. 

Amount of adsorbed water is 0.5 g per g of dry protein, where ~71 % of water exists on the 

surface of the protein and the rest remains as the bulk. Diffusion constants were obtained from 

I(Q, t) functions. From S(Q, w) the amplitude and the geometry of pico-second side chain 

motions were extracted. 

 

[1] F. Gabel, D. Bicout, U. Lehnert, M. Tehei, M. Weik, G. Zaccai, Quart. Rev. Biophys. 35, 

327 (2002). 
 

 

 



In-plane and Out-of-plane Structural Ordering of Natural and Synthetic Glycolipid 
Membranes 
 
Motomu Tanaka 
Dept. Phys. E22, Tech. Univ. Munich, D85748 Garching, Germany 
Inst. Phys. Chem., Univ. Heidelberg, D69120 Heidelberg, Germany 
 
 
In nature, oligo- and polysaccharide chains form carbohydrate complexes on cell surfaces, 
which consist of glycolipids, glycoproteins, and proteoglycans. They are mostly expressed on 
extracellular surfaces, and govern the contact between cell membranes and external 
environments. It is often conjectured that their key roles is to stabilize the cellular shape by 
establishment of hydrogen bonding networks between saccharide chains, which can act as a 
“stealth” layer to protect the cells against external intruders like toxins. However, in spite of 
their importance in biological functions such as cell rolling and signal trafficking, only little is 
known about the structural origin of the generic and specific function of such 
glycoconjugates. 
 
This talk will focus on structural ordering of cell surface glycocalyx models, based on planar 
bilayer stacks and monolayers of synthetic and natural glycolipids. Here, two major strategies 
exploited by my group will be introduced: (i) specular and off-specular neutron scattering of 
planar glycolipid lamellae deposited on solid substrates in a climate chamber, and (ii) grazing 
incidence X-ray scattering of glycolipid monolayers at the air/water interface. As target 
systems, we start from synthetic glycolipids with systematic structural modifications, and 
extend the same strategy to natural glycolipids from different bacterial mutants. 
 



 

Conformational behaviour of natively unfolded proteins from NMR and small 

angle scattering  

 

Martin Blackledge  (IBS, Grenoble, France) 
 

 

 

 
Natively unfolded regions are predicted to be present in a significant fraction of proteins 

encoded in the genome. Although characterisation of the conformational behaviour of 

unfolded proteins is crucial to understanding their function, classical structural biology is 

inadapted to these systems due to the inherent conformational heterogeneity of the disordered 

chain. In this talk we will present the structure and dynamics of the natively disordered region 

of protein X, the nucleocapsid-binding domain of Sendai virus phosphoprotein, using RDCs 

and small-angle scattering. Experimental RDCs are used to test the validity of different 

models of conformational sampling of the 57 amino acid unfolded domain using an original 

Monte-Carlo-based sampling technique. We demonstrate that RDCs in both unfolded and 

folded domains are accurately reproduced using a remarkably simple model for the flexible 

region, based only on amino-acid-specific backbone dihedral angle propensity and sidechain 

volume exclusion. Small angle X-ray and neutron scattering data simulated from this 

ensemble are also in close agreement with experimental results, confirming the average size 

and shape of the conformational ensemble.  

This analysis reveals that the behaviour of this natively unfolded chain is determined 

essentially by local, amino-acid specific sampling properties and carries significant 

consequences for our understanding of the unstructured state. 

 

 

 

 

 



 

A Neutron Laue Study of Endothiapepsin: Implications for the Aspartic 

Proteinase Mechanism  

 

Johnathan  B. Cooper (School of Biologcial Sciences, University of Southampton, UK) 
 

 

 

 
The aspartic proteinases, such as pepsin, are a family of enzymes involved in many clinically 
important processes. Accordingly, there has been much effort in the development of 
mechanism-based inhibitors as therapeutic agents for treatment of hypertension, AIDS, 
amyloid diseases, gastric diseases, parasitic infections and cancer. Our objective has been to 
obtain an improved understanding of the mechanism of action by locating crucial protons at 
the active site using neutron diffraction and atomic resolution X-ray diffraction. We have 
collected neutron Laue data (at Institut Laue-Langevin, Grenoble, France) on an inhibitor 
complex of the fungal aspartic proteinase endothiapepsin. The data provide evidence that Asp 
215 is deuterated and that Asp 32 is the negatively charged residue in the complex with the 
transition state analogue. This work on endothiapepsin represents one of the largest protein 
structures to be studied by neutron crystallography and complementary studies by ! 
 atomic resolution X-ray analysis and NMR have shed light on the mechanism and the 
potential role of low-barrier hydrogen bonds as well as the basis of inhibition by short 
peptides and transpeptidation in this family of enzymes.  
 

 

 

 

 

 



Solution Structure of the Chicken Skeletal Muscle Troponin Complex via Small-

Angle Neutron and X-ray Scattering : A calcium regulated molecular switch 

 

Paul Curmi (School of Physics, Univ. of New South Wales, Sydney, Australia) 
 

 

 
Troponin is a Ca2+-sensitive switch that regulates the contraction of vertebrate striated 
muscle by participating in a series of conformational events within the actin-based thin 
filament. Troponin is a heterotrimeric complex consisting of a Ca2+-binding subunit (TnC), 
an inhibitory subunit (TnI), and a tropomyosin-binding subunit (TnT). Ternary troponin 
complexes have been produced by assembling recombinant chicken skeletal muscle TnC, TnI 
and the C-terminal portion of TnT known as TnT2.  A full set of small angle neutron 
scattering data has been collected from TnC-TnI-TnT2 ternary complexes, in which all 
possible combinations of the subunits have been deuterated, in both the +Ca2+ and -Ca2+ 
states. Small angle x-ray scattering data was also collected from the same troponin TnC-TnI-
TnT2 complex.  Guinier analysis shows that the complex is monomeric in solution and that 
there is a large change in the radius of gyration of TnI when it goes from the +Ca2+ to the -
Ca2+! state. Starting with a model based on the human cardiac troponin crystal structure, a 
rigid-body Monte Carlo optimization procedure was used to yield models of chicken skeletal 
muscle troponin, in solution, in the presence and absence of regulatory calcium.  The 
optimization was carried out simultaneously against all of the scattering data sets.  The 
optimized models show significant differences when compared to the cardiac troponin crystal 
structure in the +Ca2+ state and provide a structural model for the switch between +Ca2+  
and Ca2+ states.  A key feature is that TnC adopts a dumbbell conformation in both the 
+Ca2+ and -Ca2+ states.  More importantly, the data for the Ca2+ state suggests a long 
extension of the troponin IT arm, consisting mainly of TnI. Thus, the troponin complex 
undergoes a large structural change triggered by Ca2+ binding. 
 

 

 

 

 

 



Small-angle neutron scattering of model biological membranes confined in 
nanoporous alumina 

 

Bruno Demé and Damien Marchal 

 

Model biological membranes can be deposited and confined in highly regular porous 

alumina (�-Al2O3). Using Small-angle neutron scattering (SANS) in a coaxial geometry 

(long axis of the cylindrical pores aligned parallel to the incident neutron beam), a wide 

range of length scales can be covered, ranging from the structure factor of the hexagonal 

pore arrangement at large scale (very low q), the wide Porod regime, and the membrane 

form factor at wide q. In the case of polymer-cushioned bilayers, combination of SANS 

and cyclic voltametry (CV) makes it possible to measure both the thickness of the dilute 

polymer cushion chemically bound to the alumina and that of the supported bilayer. The 

bilayers are studied well bellow and well above the chain melting transition of the lipid 

mixture (DMPC/DMPE: 80/20), using a coenzyme (Ubiquinone, UQ10) as a redox probe 

for the voltametry experiments. Using PEG chains grafted at a low surface density 

(D < 2Rg), the thickness of  the complete molecular construction is obtained by cyclic 

voltametry. It shows, after subtraction of the bilayer thickness obtained by SANS, that the 

polymer cushion thickness can be varied from 50 to 150 Å and remains in this range in 

perfect agreement with the radius derived from the Flory theory. 

 

References 

B. Demé, D. Marchal, Eur. Biophys. J. 34 (2005) 170-179.  
D. Marchal, B. Demé, J. Applied Cryst. 36 (2003) 713-717.  
D. Marchal, C. Bourdillon, B. Demé, Langmuir 17 (2001) 8313-8320. 



 

Solvation and solubility of halophilic proteins  

 

Christine Ebel (Ibs, Grenobel, France) 
 

 

 

 
 
We evaluated the solvation and and weak inter-particle interactions of halophilic malate 

dehydrogenase from H. marismortui (hM MalDH) in various salt solutions, using small angle 

neutron scattering. It was done in complementary with crystallography and biochemical 

studies, in order to probe the role of the ions and water of the solvent for protein stability and 

solubility. Halophilic proteins have evolved specific molecular mechanisms –acidic residues; 

multiple salt bridge between sub-units- that allow them to be both stable and soluble in the 

high KCl concentration of the cytoplasm of extreme halophilic microorganisms. We have 

shown that hM MalDH adapts to its environment: its global solvation depends strongly on the 

salt nature. Strong and weak binding sites for solvent ions (as obtained from solution studies) 

explain the effect of salt on protein stability and auto-association. Attraction between proteins 

is observed when the composition of the solvation shell is different from the bulk, which can 

be understood by thermodynamic relationships. Halophilic proteins develop interactions with 

salt that avoid water enrichment and allow them to remain soluble. Evaluation of the weak 

interparticle interactions within the complex pathway of the halophilic proteins evolving in 

mixtures of salt and organic solvent were used to explain its original protocol of 

crystallization. 

 

 

 

 



Insertion mode of the translocation domain of the diphteria toxin in planar model 

membranes : a neutron reflectometry study  

 

Michel Ferrand (CEA Grenoble, France) 
 

 
The study of the membrane insertion of the translocation domain of diphtheria toxin deepens 

our insight into the interactions between proteins and membranes. During cell intoxication, 

this domain undergoes a change from a soluble and folded state at alkaline pH to a functional 

membrane-inserted state at acid pH. It was found that hydrophobic and electrostatic 

interactions occur in a sequential manner between the domain and the membrane during the 

insertion. The first step involves hydrophobic interactions by the C-terminal region. This is 

because of the pH-induced formation of a molten globule specialized for binding to the 

membrane. Accumulation of this molten globule follows a precise molecular mechanism 

adapted to the toxin function. The second step, as the pH decreases, leads to the functional 

inserted state. It arises from the changes in the balance of electrostatic attractions and 

repulsions between the N-terminal part and the membrane. How the T-domain penetrates cells 

is here approached by specular neutron reflectometry using planar charged DPPC/DPPA 

model membranes. 

 

 

 

 

 

 



 
NMR studies on single lipid bilayers supported in cylindrical aluminum oxide nanopores 
–reconstitution of GPCR   

 

Holly C. Gaede, Olivier Soubias, Keith M. Luckett, Ivan V. Polozov, Karen K.Y. Wong, Alexei A. 

Yeliseev, and Klaus Gawrisch

 

Laboratory of Membrane Biochemistry and Biophysics, NIAAA, National Institutes of Health, 5625 

Fishers Lane, Bethesda, Maryland 20892, USA.  
 

Biomembranes were deposited inside the 0.2 µm diameter pores of anodic aluminum oxide filters by 

extrusion of proteoliposomes containing reconstituted G-protein coupled membrane receptors (GPCR). If 

continuously covered with a membrane, the inner surface area of the cylindrical pores is sufficiently large 

for solid state NMR as well as scattering studies on single lipid bilayers at a solid interface. In a stack of 

filters it is feasible to orient mg-quantities of membrane proteins in their natural lipid environment. The
 2

H 

NMR spectra of the matrix lipid with perdeutrated hydrocarbon chains are consistent with adsorption of 

wavy, tubular bilayers to the inner pore surface. We successfully studied the deposited membranes by 

magic angle spinning (MAS) NMR, taking advantage of the improved resolution and signal intensity 

afforded by MAS. By MAS NMR diffusion experiments with application of pulsed field gradients we 

determined that the tubules are discontinuous, with an average length of less than 1 µm. Furthermore, we 

obtained evidence for a thick water layer between lipid tubules and the pore surface. The ends of tubules 

are well sealed against the pore surface. We successfully entrapped water soluble polymers (MW8,000) in 

the water between the solid support and the lipid tubules. In difference to oriented multilamellar systems, 

the inner surface of these lipid tubules is in contact with an excess water phase that is easily exchangeable 

as demonstrated by 
1
H- and 

31
P NMR studies with application of paramagnetic ions. These unperturbed, 

solid supported membranes are ideal for incorporation of membrane spanning proteins with large intra- and 

extracellular domains. We successfully reconstituted membranes containing reconstituted bovine rhodopsin 

as well as the recombinant cannabinoid receptor CB2. In ligand- and G-protein binding studies we 

observed that the aluminum oxide surface did not perturb GPCR function. Considering the ease of 

preparation of such systems, protein containing biomembranes supported by the porous aluminum oxide 

filters have considerable promise for use in structural studies by NMR and scattering methods.  

 

Gaede, H. C, Luckett K. M. Polozov, I. V., Gawrisch K. Multinuclear NMR studies of single lipid bilayers 

supported in cylindrical aluminum oxide nanopores. Langmuir 20 (2004) 7711-7719. 

Yeliseev A. A., Wong, K., Soubias, O. and Gawrisch, K. Expression of human peripheral cannabinoid 

receptor for structural studies, Protein Science (2005) submitted.  
 

 

 



 

 



 

Probing Biomembranes at Interfaces 

 

Thomas Gutberlet  (Laboratory for Neutron Scattering, Paul Scherrer Institut, Villigen, CH) 

 

 

 

The design and structure of biomimetic films along a planar surface is of tremendous interest for the 

development of biocompatible interfaces, the construction of biosensors based on membrane receptors, and 

as biophysical model systems for studying the interaction of biomolecules with membrane surfaces. A basic 

step in the design of such systems is the preparation of phospholipid molecules in the form of planar 

bilayers along adequate interfaces to mimic the interface of a biological membrane. A variety of 

microscopic and spectroscopic methods have shown the production of bilayer covered supports, the prove 

of the stability and homogeneity of the layers and the general process of the adsorption of phospholipid 

vesicles towards solid surfaces. There is, however, still a need to resolve the very details of the structures 

obtained, an issue that is most desirable in order to elucidate the position of molecular subunits along the 

bilayer membrane or of embedded molecule! 

 s in mixed systems with lipids, peptides or proteins.  

 

Neutron reflectivity offers severe advantages for the study of the structural details of supported phospolipid 

bilayers as investigations in aqueous environment are easily accessable and monitoring of adsorption 

processes and interaction with biological molecules can be performed. We will review briefly results from 

investigations using neutron reflectometry applied to study the interaction of phospholipids with bare solid 

hydrophilic, polyelectrolyte and polymer-coated interfaces. In-situ monitoring of deposition process and 

creation of buried biomimetic interfaces will be shown. The options to achieve structure details of the 

phospholipid organisation at such interfaces will be discussed and an outlook on the future possibilities of 

neutron reflectometry in this field given. 

 

 

 

 

 

 

 

 



 

 



Structures in Membranes Induced by embrane-active Peptides 

 

Huang Huey Hang (Dept of Physics, Rice University, Houston, USA)) 
 

 

 

 
Antimicrobial peptides are known to induce pores in membranes.  Fusion peptides are known 
to induce membrane fusion.  In order to understand the molecular mechanisms of these 
events, we need to know the structures induced in the membranes.  These structures are 
formed in a fluid lipid membrane; therefore they cannot be crystallized.  What we want to 
know is the shape and size as well as the distribution of lipids and peptides from which we 
can understand the energetics of the structure formation.   Electron microscopy and other 
structural tools have so far failed to resolve these structures.  Surprisingly the diffraction 
method has proved to be very useful for this study.  We started with the neutron in-plane 
scattering that detected the transmembrane pores and measured their size for the first time.  
By manipulating the hydration of multilayered samples, we found the pores falling into a 
crystal lattice.  If we reverse the spontaneous curvature of the lipids, the pores turn into the 
membrane fusion intermediate states called stalks.  We will discuss how we use neutron and 
X-ray diffraction to improve the resolution of pore and stalk structures. 
 

 

 

 

 

 

 

 



Possibilities and Pitfalls with Low Temperature Neutron Protein Crystallography  

 

Leif Hanson   ( USA) 

 

 
Low temperature neutron diffraction studies of proteins have attracted interest because they 

afford the opportunity to compare solvent structures with most X-ray structures, provide an 

opportunity to compare ambient with low temperature solvent positions, and may enhance 

diffraction because of lowered thermal parameters.  Difficulties that have limited the options 

for measurement these data are falling aside as understanding improves of the flash-cooling 

process and successful protocols developed for chilling larger samples with higher solvent 

content.  Although the single greatest enhancement for low-temperature studies will be the 

use of smaller sized perdeuterated protein crystals, options still exist for proteins that are not 

expressed in perdeuterated form.  Calorimetric studies of solutions can provide a good 

approximation of cryoprotectant conditions needed to avoid icing.  Alternatives to the 

standard liquid nitrogen plunge, with different cryogens or ‘slush! y” nitrogen may afford 

better outcomes.  High pressure flash-cooling that suppresses ice nucleation is a good option 

if pressure will not adversely affect the crystal.  Our preliminary results with each of these 

techniques will be reviewed and items for further study described. 

 

 



Membrane interaction of β-amyloid peptide : implications of cholesterol and membrane 

surface charges 
 

Thomas Hauβ (University of Technology, Darmstadt, and Hahn-Meitner Institut Berlin, Germany)) 
 

 

 
Hallmarks of Alzheimer’s Disease (AD) are the amyloid plaques found in the brain tissue of 

patients died by suffering AD. These plaques are composed mainly of β-amyloid (Aβ), a 40-

43 residue long peptide. According to the amyloid hypothesis, the predominantly followed 

concept in AD research, the accumulation of Aβ in the brain is the primary influence driving 

AD pathogenesis. In the last few years, more and more findings point to the fact, that the 

monomeric Aβ or small oligomers may be a crucial factor in neurodegeneration typical of 

AD. To test the membrane interaction of monomeric Aβ we investigated the structure of 

model lipid membranes by neutron diffraction in the presence and absence of specifically 

deuterated Aβ(25-35). Our results unambiguously locate the Aβ peptide deep in lipid 

membranes with net negatively charged surfaces. Changes in the surface charge modulated 

the insertion of the peptide. The direct interaction of the Aβ peptide with the lipid membrane 

causes membrane disruption and may effect signaling pathways in the brain. The influence of 

cholesterol was investigated by changing the cholesterol content in the lipid mixture. It is 

demonstrated that a high cholesterol levels inhibit the intercalation of Aβ.  

 

 

 



 

Structure and dynamics of liposome of lipid mixture as a model of raft membrane 

using SANS, SAXS and NSE 

 

Mitsuhiro Hirai  (Gunma Universwity, Maebashi, Japan) 

 

Structure and function of mammalian plasma membrane domains, so-called rafts, have been attracting a 

huge interest and are one of the current hot topics in cell biology since those domains are assumed to be 

involved in important membrane-associated events such as signal transduction, cell adhesion and 

lipid/protein sorting. A common feature of plasma membrane domains is their peculiar lipid composition, 

being rich in glycosphingolipids (GSLs), sphingomyelin and cholesterol. Gangliosides are major 

components of GSLs. They are acidic lipids composed of a ceramide linked to an oligosaccharide chain 

containing one or more sialic acid residues, which are rich in central nervous system. Functionality of the 

GSLs microdomains is assumed to relate to the peculiar features of GSL molecules. Namely, the sugar 

head portion has an ability of formation of complex hydrogen bond network, and, the ceramide portion is 

able to act as hydrogen bond acceptor and donor. Thus it is substantially important to elucidate how GSL 

domains form at outer-leaflet of plasma membrane, modulate membrane structure and dynamics, and relate 

to a regulation of functions of proteins involving in cell signaling. We have been carrying out SANS, 

SAXS and NSE experiments to clarify the structure and dynamics of raft model membrane containing 

ganglioside, cholesterol and phospholipids. For measuring asymmetric bilayer structure and microdomain 

formation, the "inverse contrast variation" SANS method has a great advantage. The recent results of raft 

model membranes will be shown with a modeling method. 
 

 

 

 

 



Application of SANS and complementary techniques to the structure, function 

and control of restriction-modification systems 

 

Geoff Kneale (Biophysics Laboratories, Unversity of Portsmouth, UK) 
 

 

 

Restriction-modification (R-M) systems are the “immune system” of bacteria, distinguishing “self” from 

“non-self” DNA by the methylation of specific DNA sequences in the genome. They consist of an 

endonuclease (ENase) that cleaves foreign DNA and a methyltransferase  (MTase) that protects the host 

DNA from cleavage.   

 

Type I R-M systems have complex multi-subunit enzymes. Typically, 2 M subunits and 1 S subunit 

combine to form the MTase , the ENase being formed by the addition of a further two (R) subunits. 

However,  one of the systems we are studying, AhdI, is unusual in having a quite separate (type II) 

endonuclease, whose expression is controlled by a controller (C) protein that regulates the transcription of 

the R-M genes to ensure that methylation occurs before restriction , thus avoiding cell death. 

 

We have deuterated the S subunit of AhdI and reconstituted the MTase with protonated  M subunits for 

SANS studies using H2O/D2O contrast variation.  Subsequent analysis of the data has allowed us to 

establish the low resolution structure of M.AhdI and the location of its subunits. Earlier SAXS experiments 

indicated a massive structural change in the MTase when it bound to its cognate DNA site, and this is now 

being examined by SANS with the partially deuterated complex. Experiments are also in progress to 

determine the arrangement of the M, S and R subunits in a type I ENase. 

 

We have recently solved the structure of the AhdI C-protein by X-ray crystallography and using a wide 

variety of biochemical and biophysical techniques, we have identified the DNA binding site and proposed a 

mechanism of the genetic switch that regulates the timing of expression of the AhdI endonuclease. SANS 

experiments are planned to study further the structure of the relevant DNA-protein complexes. 
 

 



Neutron and X-ray diffraction studies of cellulose fibers 
Paul Langan,1 Yoshiharu Nishiyama,4 , Masahisa Wada, 2 Junji Sugiyama,3 and Henri 

Chanzy.4
 

1 Bioscience Division, Los Alamos National Laboratory, Los Alamos, NM 87545, USA. 
2 Department of Biomaterial Sciences, Graduate School of Agriculture and Life Science, the University of 

Tokyo, Yayoi 1-1-1, Bunkyo-ku, Tokyo 113, Japan. 
3 Wood Research Institute, Kyoto University, Uji, Kyoto 611-0011, Japan. 

4 Centre de Recherches sur les Macromolécules Végétales, CNRS, affiliated with the Joseph Fourier 
University of Grenoble, BP 53, 38041 Grenoble Cedex 9, France. 

Cellulose is the major component of the cell walls of higher plants and is also 
produced by some bacteria, algae, fungi, amoebae and sea-animals. Not only does 
cellulose form the basis of the textile and wood fiber industries, but it also plays central 
roles in food quality, biobased products and agriculture.  Cellulose occurs predominantly 
in the form of high tensile strength microfibrils, nanometers thick and up to millimeters 
in length. These microfibrils are biosynthesized by membrane bound synthase complexes 
that act as biological spinnerets, polymerizing glucose residues into chains and then 
assembling hydrogen-bonded parallel chains into non-soluble, crystalline microfibrils.  

Two distinct crystal phases, namely Iα and Iβ, have been found not only within the 
same cellulose sample but also in different domains along a given microfibril. Whereas Iα 
rich specimens are found in the cell wall of some algae and in bacterial cellulose, Iβ rich 
specimens have been found in tunicin and also in wood. A number of industrial 
applications involve processing raw cellulosic material so that its crystal structure is 
transformed. The process of regeneration, used to produce rayon fibers, and also the 
process of mercerization with NaOH, yields cellulose II. Treatment of cellulose I and 
cellulose II with liquid amonia yields cellulose IIII and cellulose IIIII, respectively. These 
transformations improve certain material properties and enhance reactivity. We shall 
describe neutron and X-ray diffraction studies of cellulose fibers that have provided 
detailed crystal structures and hydrogen bonding arrangements for cellulose polymorphs. 
The results of this work provide a scientific basis for understanding the principles 
governing the biological, physical and chemical reactions, of cellulose microfibrils and 
their structural and physical properties. 

 [1]. "The Crystal Structure and Hydrogen Bonding System in Cellulose Iβ from Synchrotron X-ray and 
Neutron Fiber Diffraction" Nishiyama, Y., Langan, P. & Chanzy, H., J. Am. Chem. Soc., 2002, 124, 31, 
9074-9082. 
[2]. “The crystal structure and hydrogen bonding system in cellulose Iα from synchrotron X-ray and 
neutron fiber diffraction” Nishiyama, Y.; Sugiyama, J.; Chanzy, H.; Langan, P.; J. Am. Chem. Soc., 2003, 
125, 14300-14306. 
[3] "X-ray structure of mercerized cellulose II at 1Å resolution" Langan, P.; Nishiyama, Y.; Chanzy, H., 
Biomacromolecules, 2001, 2, 410-416. 
[4] "A revised structure and hydrogen bonding system in cellulose II from neutron fiber diffraction 
analysis" Langan, P.; Nishiyama, Y.; Chanzy. J. Am. Chem. Soc. 1999, 121, 9940-9946. 
[5] "Cellulose IIII crystal structure and hydrogen bonding by synchrotron X-ray and neutron fiber 
diffraction" Wada, M.; Chanzy, H.; Nishiyama, Y.; Langan, P.; Macromolecules, 2004, v.37, no.23, 
p.8548-8555 
 

 



Structural Investigations of Cell Adhesion Molecules  

 

Deborah Leckband  (University of Illinois, USA)) 

 
Cell surface adhesion molecules are large, multidomain proteins that mediate intercellular 
adhesion and signaling throughout the body. These critical proteins maintain the structural 
integrity of tissues across all anatomical length scales, and they play central roles in directing 
the organization of cells in developing embryos.  Their structural characterization has been 
hindered by their large molecular weights, and structural complexity.   
 
This talk focuses on recent neutron and X-ray reflectivity studies of the neural cell adhesion 
molecule.  This is one of the most abundant adhesion proteins in the brain, and it is essential 
for normal neurological development.  Its adhesive properties are also altered by the in vivo 
modification with long carbohydrate chains.  This modified NCAM is found in early brain 
development, and it switches the protein function from adhesive to anti-adhesive.    
 
X-ray and neutron reflectivity measurements revealed the structural basis of NCAM-mediated 
cell adhesion and its regulation by carbohydrate modification. These data show that the core 
protein is tilted at the membrane surface.  Importantly, measurements with the carbohydrate-
modified NCAM show that, in physiological saline, the carbohydrate extends well beyond the 
protein core, and substantially increases the protein’s excluded volume.  This accounts for 
both the measured increased steric repulsion between carbohydrate-modified NCAM 
monolayers, and the corresponding reduced adhesion by cells expressing this form of the 
protein.  Reflectivity measurements also show that the excluded volume of the carbohydrate 
decreases substantially with increasing ionic strength.  This showed the structural basis 
underlying the reduction of intercellular (steric) repulsion and increased cell adhesion strength 
at high ionic strength.  Together, these reflectivity data provide key structural insights into 
how the different forms of NCAM control cell adhesion in vivo. 

 

 

 



Influence of macromolecular crowding on protein stability and diffusion 
 
Stephane Longeville (LLB Saclay) 
 
The cytoplasm, the interior of cells is filled with a large number of 
objects different with respect to shape and size. In most cases each 
species is present at rather low concentration but the overall occupied 
volume fraction can reach  &#61510;&#61627;0.3-0.4. The term 
"crowding" is generally used to describe this environment rather than 
high concentration which appears less appropriate in this context. 
Within crowded environment protein-protein interactions play a 
fundamental role because the distances between molecules are of the 
order of a few tens of &#506;. The crowded environment can affect 
some physical, chemical or biological properties of biological 
macromolecules. 
 
The aim of our project is to study the influence of crowding on :  
 
1- Protein diffusion by combining SANS (to study direct interactions) 
and neutron spin-echo spectroscopy (to measure the apparent diffusion 
and indirect interactions). The studies are performed on Myoglobin it in-
vitro and Hemoglobin in-vivo, that is directly inside red blood cells. We 
discuss the consequence of mobility reduction induced by 
macromolecular crowding on oxygen transport(Coll. W. 
Doster, TUM, Germany).  
 
2- The influence of crowding on polypeptide conformation and protein 
stability by SANS. 
 



Neutron protein crystallography with LADI  

 

Flora Meilleur (ILL, Grenoble, France) 
 

 

 

Protons play critical roles in the mechanism of many enzymes. Direct information on hydrogen 

positions can be obtained from neutron crystallographic data at resolutions of 2.0-2.5 A, typical of 

most protein structure determinations. Neutron crystallography (NPX) is therefore a unique 

experimental tool to address specific problems where direct visualisation of hydrogen atoms is 

crucial. However, NPX raises many challenges. Large crystals are required to compensate the 

weak flux of available neutron beams and the large hydrogen incoherent scattering background 

significantly reduces the signal to noise. The LADI detector at ILL was therefore built to provide 

10-100 fold gains in efficiency compared with conventional neutron diffractometers. LADI made 

feasible the study of larger macromolecules and smaller crystals than previously thought possible 

and led to a renewal of interest in NPX. However, the technique still remains demanding, and 

further orders of magnitude improvement would make the technique more accessible to the 

structural biology community. This need is being addressed at ILL. The LADI instrument has 

been redesigned and, by re-locating on a new high intensity neutron guide, should provide a 

further order of magnitude improvement in performance. 

We will discuss recent examples of neutron protein structures determined with LADI. The gain 

offered by the use of perdeuterated crystals will be illustrated. The upgrade of the LADI 

instrument, producing a minimum 10-fold gain will be presented.  

 

 

 

 

 



 

Magnetic Target Liposomes –  

Nanoparticles for Cancer Therapy, Imaging and Diagnosis 
 

Thomas Nawroth (Institute of Biochemistry, University of Gutenberg, Mainz, Germany) 
 

Liposomes are hollow nanoparticles enclosed by a membrane from biogenic lipids. In medical  

applications, liposomes can be directed to the area of interest, e.g. a tumor, by antibodies or magnetic 

forces, if they depict a sufficient magnetic moment. Thus target material entrapped inside the lumen can be 

mediated selectively to a specific body area. By this strategy the useful therapeutic or diagnostic dose is 

increased tremendously, while the undesirable global body dose is reduced. 

We have developed target liposomes bearing several magnetic structures and entrapped target materials for 

local therapy, imaging and diagnosis. The structure and dynamics was studied by time resolved neutron 

scattering TR-SANS, anomalous X-ray scattering ASAXS, absorption and imaging. 

The target material entrapped inside liposomes enables a variety of locoregional techniques, depending on 

the target: i) local radiation therapy with neutron capture NCT and photodynamic X-ray absorption PXT; ii) 

tissue specific imaging with K-edge X-ray absorption or MRI; iii) local chemo-therapy by antibody or 

magnetic drug targeting MDT; and iii) local isotope therapy or diagnosis, e.g. by PET-liposomes. 

The reported work at ILL (D22), ESRF (ID1, ID17) and DESY-HASYLAB (B1) was focussed on the 

structure, formation and target entrapping of magnetic liposomes. The magnetic sub-structures were: 

1) magnetic membranes from metal-lipids (DTPA-lipids); 2) magnetic particles entrapped in the lumen 

(magnetic chelates, small Ferrofluid cores); 3) magnetic double shell liposomes. In the latter case, the 

formation of the inner iron oxide shell was observed by TR-SANS. The other liposomes were studied by 

SANS, SAXS and ASAXS. 

The entrapped targets were elements depicting specific absorption, which produces DNA affecting 

secondary radiation of short range for local radiation therapy by neutron capture NCT and photodynamic 

X-ray absorption PXT: 

NCT: Neutron + Target (Boron, Gadolinium, Lithium)     à alpha radiation or Auger-electrons 

PXT: Photon   + Target (K-edge absorber, heavy metal) à Auger-electrons 

 

 



 

Dynamical transition of proteins embedded in glassy matrices. A neutron 

scattering study  

 

Alessandro Paciaroni (Universita degli Studi di Perugia, Italy) 

 

 
An elastic and quasielastic neutron scattering investigation of the internal molecular dynamics 

of lysozyme embedded in glucose has been undertaken for different water contents w (g 

water/g glucose) and over a range of temperature from 20 to 320 K. The non-exchangeable 

protein H atoms dynamics has been schematised by a double-well jump model from which the 

total mean square displacements (MSD) can be directly extracted.  For lysozyme in glucose at 

0w, the sample exhibits a rigid harmonic dynamics up to room temperature, being 

characterized by a hard glassy matrix in the whole T range. On the contrary, in all the 

hydrated samples the MSD reveal the onset of additional mobility, which takes place at a 

temperature Td. We found that the trend of Td as a function of w is related to the glassy 

properties of the matrix around the protein, being reminiscent of the critical temperature Tc of 

the glucose-water glassy mixtures. Quasielastic neutron scattering experiments provide 

information on the spatial and time characteristics of the motions of the protein embedded in 

the matrix. Two distinct quasielastic contributions, corresponding to motions in the sub- and 

picosecond timescales, are revealed after the subtraction of the inelastic intensity, as estimated 

at low temperature. The momentum transfer dependence of each quasielastic signal has been 

interpreted in terms of the rotational diffusion model. The faster component corresponds to a 

more localized rotational motion on a radius of 1 Å, while the slower contribution is 

associated to a larger radius of 1.9 Å. The behavior of the fraction of moving protein 

hydrogen atoms as a function of temperature and hydration confirms that the protein 

undergoes a dynamical transition just at conditions corresponding to the dynamical onset of 

the enclosing matrix.  

The present results are also compared with recent findings on the same protein in hydrated 

powder form and embedded in glycerol-water matrices. The arising overall picture is that the 

matrix surrounding the protein surface is crucial in determining the dynamical properties of 

the embedded protein, especially above a critical temperature associated with the so-called 

crossover temperature of the matrix. 

 



 



Protein dynamics on different time scales 
 
Fritz Parak 
 
Technische Universität München, Garching, Germany 
 
 
Contact : fritz.parak@ph.tum.de 
 
 
Structure and internal motions on very different time scales are essential for the function of a protein. For 
the following investigations myoglobin serves as a model. The fastest phonon like motions (1 fs to 0.6 ps) 
which are present from cryogenic to room temperatures are intramolecular vibrations which are analyzed 
by “Phonon Assisted Mössbauer Effect” using synchrotron radiation. At un-physiologically very low 
temperatures, the molecules are in a "stand by" state. Above a characteristic temperature, Tc, slow protein 
specific motions become measurable allowing the molecular engine to fulfill its function. Combining the 
results of neutron structure analysis at high resolution and incoherent neutron scattering allows to separate 
3 types of hydrogen mean square displacements above Tc: backbone like (slower than about 100ps), methyl 
like (partly slower partly faster than about 100ps) and lysine like (faster than about 100ps). Mössbauer 
spectroscopy on the heme iron reveals diffusion like motions of molecular segments in a time range 
between 100 and 1ns. Such motions are necessary for conformational changes. For an introduction 
compare:  
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Subatomic resolution X-Ray and neutron diffraction studies of  fully deuterated human  
Aldose Reductase  
 
A. Podjarny1, A. Mitschler1, I. Hazemann1, M. Blakeley2, M.T. Dauvergne2, F. Meilleur3, M. 
Budayova-Spano2,3, M. Van Zandt4, S. Ginell5, A. Joachimiak5 and D. Myles2#. 
 
1)      IGBMC, CNRS, 1 rue Laurent Fries, 67404 Illkirch, France 
2)      EMBL Grenoble Outstation, 6 rue Jules Horowitz, 38042,Grenoble, France 
3)      ILL, 6 rue Jules Horowitz, 38042,Grenoble, France 
4)      IDD, 23 Business Drive, Branford, Connecticut, USA 
5)      Bioscience Division, SBC, ANL, 9700 South Cass Avenue, Argonne, Illinois,USA 
#: Current address: CSMB, ORNL, Tennessee, USA. 
 
Human Aldose Reductase (AR), an enzyme in the polyol pathway belonging to the aldo-
ketoreductase family, is implied in diabetic complications. Its ternary complexes (AR-
coenzyme NADPH-selected inhibitor) provide a good model to study the  inhibition and 
enzymatic mechanisms. Indeed, X-ray electron density maps solved at very high resolution of 
AR complexes with different inhibitors (IDD-594, 0.66 Å; IDD-552; IDD-393; Fidarestat, 
0.90 Å) show within the active site crucial protonation states.  To confirm them, we have 
started neutron diffraction experiments. First trials based on H2O/D2O exchange, using 
crystals of 0.1 mm3, showed neutron diffraction up to only ~4.5 Å. New crystallisation trials, 
with fully deuterated protein (EMBL/ILL,Grenoble) complexed with the inhibitor IDD-594, 
succeeded. X-Ray tests of these crystals at the SBC-APS achieved a resolution of 0.8 Å at 
15K (refined mosaicity 0.2°) and the structure was refined using SHELX. Neutron Laue 
diffraction measured on LADI (ILL/EMBL,Grenoble) achieved a resolution of 2.2 Å at room 
temperature, despite a small crystal volume of only 0.15 mm3. Larger crystal growth is under 
way. 
 
After refinement with CNS, the resulting neutron density maps showed clearly the deuterium 
atoms in the active site region. In particular, the polarization of Tyr48 by Lys77, important for 
the catalytic reaction, is confirmed by a proton (deuterium) channel between these two 
residues. 
 
 



Contrast matched neutron diffraction on LH2 
 
Integral membrane proteins can be solubilized by detergent & the detergent has a 
critical influence on crystal formation. The bulk detergent phase can be visualized 
using neutron diffraction in combination with D2O/H2O contrast matching [1]. The 
results of experiments on crystals of LH2 (the peripheral light-harvesting complex of 
the purple bacteria Rhodopseudomonas acidophila strain 10050) using the DB21 
instrument at the neutron reactor facility at the Institute Laue-Langevin will be 
described[2]. These experiments revealed detergent volumes in LH2 crystals.  This 
work was consistent with the identification of an additional co-factor in this 
molecule[3]. Additionally the results indicated that the interaction of detergent 
molecules with LH2 was not consistent with a simple model of LH2 incorporation 
into a pre-existing detergent micelle.  
 
1. Timmins, P. A., Pebay-Peyroula, E. & Welte, W. (1994). Detergent organization in 
solutions and in crystals of membrane proteins. Biophys. Chem. 53, 27–36. 
 
2. Prince S.M., Howard T.D., Myles D.A.A.,Wilkinson C., Papiz M.Z., Freer A.A., 
Cogdell R.J. & Isaacs N.W. (2003) Detergent Structure in Crystals of the Integral 
Membrane Light-Harvesting Complex LH2 from Rhodopseudomonas acidophila 
Strain 10050. J. Mol. Biol. 326 307-315. 
 
3. Papiz M.Z., Prince S.M., Howard T.D., Cogdell R.J. & Isaacs N.W. (2003) The 
Structure and Thermal Motion of the B800-850 LH2 Complex from Rps. acidophila 
at 2.0Å Resolution and 100K: New Structural Features and Functionally Relevant 
Motions. J. Mol. Biol. 326 1523-1538. 
 



Collective dynamics of lipid membranes studied by inelastic neutron scattering  

 

Maikel Rheinstaedter  (ILL, Grenoble, France) 
 

 

 
While most spectroscopic techniques, as e.g. nuclear magnetic resonance or dielectric 

spectroscopy, are limited to the center of the Brillouin zone and probe the macroscopic 

response, neutron and within some restrictions also x-ray scattering experiments give the 

unique access to microscopic dynamics at length scales down to intermolecular or atomic 

distances. Only recently, it has become possible to study collective dynamics of planar lipid 

bilayers using neutron spectroscopy techniques [1]. We determined the dispersion relations in 

the gel and in the fluid phases of a DMPC bilayer and could shed light on the evolution of 

structure and dynamics and the relation between them in the range of the gel-fluid main phase 

transition. The scattering volume restriction for inelastic neutron experiments was overcome 

by stacking several thousand highly aligned membrane bilayers.  

By combining neutron triple-axis, backscattering and spin-echo spectroscopy, we present 

measurements of short and long wavelength collective fluctuations in biological model 

membranes in a large range in momentum and energy transfer, covering time scales from 

about 0.1 ps to 150 ns and length scales from about 3 Å to several 100 Å. A recent 

backscattering study gives information about the molecular dynamics of the lipid chains and 

the ‘membrane-water’, i.e. the water molecules in between the stacked bilayers [2]. We also 

present a quasielastic reflectometry study in phospholipid membranes using spin-echo 

spectrometers and discuss the corresponding dispersion relation of the long wavelength 

undulation modes [3], which gives access to the elasticity parameters of the membranes, and 

corresponding theoretical models. 

 

[1] M.C. Rheinstädter, C. Ollinger, G. Fragneto, F. Demmel, and T. Salditt, Phys. Rev. Lett. 
93, 108107 (2004). 
[2] Maikel .C. Rheinstädter, Tilo Seydel, Franz Demmel, and Tim Salditt, Phys. Rev. E, in 
press, cond-mat/0501752 
[3] M.C. Rheinstädter W. Häussler, P. Fouquet and Tim Salditt, in preparation. 
 

 

 

 



Nanofibrillar structure and molecular mobility in spider dragline silk 

 

Daniel Sapede  (ILL, ESRF, Grenoble, France) 
 

 
 
Spider dragline silk is a semicrystalline biopolymer made of proteins containing repeating 
sequence motifs. It has outstanding mechanical properties despite being spun at nearly 
ambient temperature and pressure from a watery solution. The nature and mobility of water in 
dragline silks is largely unknown although the mechanical properties of silk are strongly 
influenced by the water content and water-induced mobility at a molecular level. We have 
recently established for highly aligned spider dragline silk bundles that neutron diffraction 
(SANS/WANS) techniques provide unique new information. In good agreement with recent 
X-ray (SAXS/WAXS) experiments that have suggested the presence of nanofibrillar units 
composed of crystalline and short-range order domains embedded in a random polymer chain 
matrix, we observed the accessibility to water of this nanofibrillar structure. We have also 
investigated water mobility and water-enhanced amorphous polymer chain mobility 
by wavevector-resolved neutron spectroscopy as a function of temperature and humidity, thus 
complementing existing experiments on molecular dynamics (NMR) towards ns and ps time 
scales. 

 
 



 

Joint use of small-angle X-ray and neutron scattering to study biological 

macromolecules in solution 

 

Dmitri Svergun  (EMBL Hamburg,Germany) 
 

 

 

 
Small-angle scattering of X-rays and neutrons (SAS) is a fundamental tool in the study of 
biological macromolecules. SAS allows to study the structure of native particles in nearly 
physiological solutions and to analyse structural changes in response to variations in external 
conditions. The method is applicable to a broad range of sizes, from individual 
macromolecules to multi-domain proteins and large macromolecular assemblies. The 
scattering data bear information about the overall shape and internal structure at a resolution 
of 1-2 nm. Recently developed advanced methods of data analysis significantly enhance 
resolution and reliability of structural models provided by the technique and make solution 
scattering a useful complementary tool to high resolution methods. 
Advanced methods to analyze SAS data from solutions of biological macromolecules will be 
presented including ab initio low resolution shape and domain structure determination and 
modeling of quaternary structure by rigid body refinement. Special emphasis will be put to the 
joint use of X-rays and neutrons combined with contrast variation by hydrogen/deuterium 
exchange. Practical applications of the methods will be illustrated by recent examples. 
 

 

 

 

 

 



Insight into protein dynamics by Molecular Dynamics simulations 
 
Mounir Tarek 
 
CNRS; UMR 7565, Université Henri-Poincaré, Nancy France 
 
 
Contact : Mounir.Tarek@edam.uhp-nancy.fr 
 
 
Classical Molecular Dynamics simulations allow to reproduce quite well the dynamics of proteins in a 
variety of environments, as probed by neutron scattering experiments. We present in this contribution some 
key examples where the simulation provides support for the models used by experimentalists to interpret 
their raw data and others where it is clear that combining both simulations and experiments is needed to 
extract valuable information from neutron spectra. 
 
 



Adaptation to extreme environments via macromolecular dynamics 

 

Moeava Tehei (ILL, Grenoble, France)  

 
The forces that maintain biological molecular structure and govern atomic motions in 
macromolecules are “weak” forces because their associated energies are similar to thermal 
energy at usual temperatures. Fast atomic thermal motions on the picosecond to nanosecond 
timescale allow macromolecules to achieve the stability and motions, and, therefore, the 
necessary rigidity and flexibility to perform their biological functions. Neutron spectroscopy 
is particularly adapted to the study of these motions, because neutron wavelengths (? Å) and 
energies (? meV) match, respectively, the amplitudes and frequencies of molecular motions. 
Extremophiles and their macromolecules had to develop molecular mechanisms of adaptation 
to extreme physico-chemical conditions. Using neutron spectroscopy, we have measured 
molecular dynamics for in vitro soluble proteins adapted to extreme conditions, as well as for 
in vivo macromolecules in living cells of psychrophile, mesophile, thermophile! 
  and hyperthermophile bacteria. We have demonstrated that molecular dynamics presents one 
of these molecular mechanisms of adaptation. Dynamics adaptation appears to have been 
achieved by evolution through selection of appropriate rigidity, in order to preserve specific 
macromolecule structure, while allowing the conformational flexibility required for activity. 

 
 



 

Variations in Biological Regulation 
 

Jill Trewhella (University of Sydney, Australia)  

 

 

Healthy cellular function requires tight regulation of molecular processes, often in response to 

external stimuli.  Nature has a number of “second messengers” that are released inside cells in 

response to “first messengers,” such as hormones binding at the cell surface.  Divalent 

calcium and the cyclic nucleotides (cAMP and cGMP) are among nature’s second messengers 

that often serve to regulate the activity of protein kinases, the enzymes that catalyze the 

attachment of phosphate groups to other proteins in order to modulate their functions.  

Neutron contrast variation is an excellent tool for studying the interactions of the second 

messenger receptor proteins and their targets.  We have been using neutrons to study these 

interactions for some time, and our most recent results have focused on the how nature 

utilizes different isoforms of the same protein to accomplish similar but distinct functions.  I 

will describe recent results that provide insights into the differences and similarities in protein 

structure and function in second messenger mediated signaling, with a special focus on the 

different isoforms of the muscle regulatory complex troponin and the cGMP- and cAMP-

protein kinases.        

 

 

 



 

An insight into membrane protein dynamics from deuteration 

 

Anthony Watts (University of Oxford, UK)  

 

 

 
Deuterium is a good nucelus for determining dynamics of biomolecular complexes using wide 
line, solid state NMR. Some examples of where this insight has been possible will be 
presented.

 

 

 



Neutrons in Biology 
Where have we come from, where are we going 

 
Giuseppe (Joe) Zaccai 

Institut Laue Langevin, Grenoble, France. 
 
 

First neutron experiments in biology were performed more than thirty years ago. Since 
then, supported by continuous advances in instrumentation, the technique has contributed 
significantly to progress in structural molecular biology. At the beginning of the twenty 
first century, biology has entered the genome-sequencing era. Exciting new challenges 
now have to be met by biophysical methods in order to understand macromolecular 
structure, dynamics and interactions in the cellular environment. Neutrons, by their 
special properties, have an important role to play.  


